Virtual reality (VR) 
Introduction
The explosive evaluation of computer-mediated technology in recent years has fostered the proliferation of advanced technologies that enable businesses to provide better services to customers. In this study, we explore an application of a fully immersive virtual reality (VR) experience in the business context. VR is considered as an immersive technology that is expected to become mainstream for providing services in several industries within the next few years [1] . In general, the major goal of VR is to improve user experiences because this technology provides high levels of immersion that enables users to experience the feeling of being in another location while using VR services [2] . In recent years several companies have invested millions of dollars in VR applications and services for advertising, meetings, trainings, and simulations. Business investment in VR is expected to increase from $9.1 billion in 2017 to $17.8 billion in 2018 [3] .
A wide range of academic disciplines are interested in VR and its applications. In the past decades, business organizations have evolved how they provide products and services to customers particularly regarding the use of information technology. Because of advancements in technology, online companies have strived to deliver more interactive and engaging services to improve customer experiences. Currently, technologies such as VR have enabled business organizations to provide their customers with higher levels of immersion and interactivity than ever before. Therefore, VR has been of interest to both academics and practitioners. However, the current research focus has mostly been on developing VR applications or exploring opportunities for applying VR into specific areas. For example, Padmanaban et al. [4] suggest a method to improve imagery quality, Greenwald et al. [5] examine the use of VR in educational settings, and Marquess et al. [6] investigate how VR can help reduce patients' anxiety in receiving radiation therapy.
Despite high expectations and popularity, regarding the theoretical frameworks related to VR prior research has mostly focused on 2D web-based VR technologies (e.g., virtual worlds) that provide much less immersive experience and interaction with the virtual environment than the recently developed fully immersive VR. Therefore, this technology is still in its infancy and the mechanisms that shape users' behavioral responses by increasing the levels of immersion remain largely unexplored.
Consequently, this study highlights the affective and cognitive aspects of VR experience to address the potential factors that lead to user engagement with VR applications from the user's perspective. We focus on how users perceive VR based on users' evaluations rather than from the properties being pre-embedded by the developers [7] .
The contributions of this paper are two-fold. First we aim to examine how social presence and spatial presence, which are key features in the virtual world research [8] , influence user responses in fully immersive VR settings. We develop a research model to theorize the relationships between VR features related to the presence concepts and user engagement. By investigating such relationships, we aim to identify new research opportunities arising from the applications of VR, especially regarding the underlying mechanism between VR and user engagement. Second, while VR provides many features for businesses to attract their customers, we aim to explore the features that have potential to better engage customers, which subsequently help practitioners make informed decision about which features to design and implement in order to improve their customer experiences. As such, our paper is relevant not only for researchers in information systems but practitioners in related business functions such as marketing, operations, and human resources who are interested in applying VR to their area. This paper proceeds as follows. Section 2 surveys the relevant literature of VR and user engagement, and outlines hypothesis development and our research model derived from existing theories. Section 3 presents the proposed research method and detailed experiment design, followed by data analysis and results in Section 4. Finally, Section 5 provides a summary of results, contributions, and future directions.
Literature review and hypothesis development

Virtual reality
Virtual reality (VR) refers to a computer-mediated system that interacts with its users by providing an immersive environment and experience [9] . Typically, VR provides users with a higher degree of immersion in a computer-mediated environment than traditional computer systems. This feeling of immersion in an environment has been referred to as the perceptions of presence [10] .
The applications of VR for home use have just started to emerge. Although past studies have investigated VR applications in the business context, they often restrict VR as 2D web-based applications that run on desktop computers or mobile devices (referred to as 2D web-based VR) that provide users with an internet-based simulated virtual environment. In such technologies, users are generally represented by avatars in the VR environment and usually do not see a visual representation of themselves [11] . Although studies in 2D web-based VR can shed some light on the understanding of how the virtual environment affects customers' perceptions, such settings provide much less immersive experience in terms of consciousness, senses and interactions with the environments than the fully immersive 3D VR systems (referred to as VR) in which the environment is fully generated by computers. Thus, VR provides wider and broader information that can better manipulate and stimulate the human senses than 2D web-based VR.
Presence theory
Proposed by Loomis [12] , presence is described as an attribution of sensation to distal stimulus that evokes a basic state of consciousness in a certain environment. According to Ijsselsteijn et al. [13] , presence can be classified into two categories-spatial presence and social presence. Spatial presence can be commonly referred to as "a sense of being there." This definition is identical to the concept of telepresence previously studied in the literature [14] . In the context of VR, spatial presence can occur when a user's perceptions of the environment created by VR are different from the actual location and environment in the physical world.
On the other hand, social presence can be conceptualized as a capability of a medium which causes users to perceive the presence of others [15] . In this study, social presence refers to the degree to which a user establishes a sense of human warmth and sociability while interacting with a medium [16] . Previous studies in the 2D web-based VR have reported that incorporating human-like objects in the virtual environments can improve users' perceptions of social presence [17] . Consequently, in our study, we manipulate the levels of social presence in the VR environment by using an animated robot assistant (as a VR component) to create experimental conditions for a VR environment. This should help us better understand how design and feature components in VR impact users' perceptions of social presence. Further details regarding the robot assistant are provided in the methodology section. Consequently, we propose the following hypothesis:
H1: Users' perceptions of social presence will be higher when a robot assistant is present in the VR environment.
Consequences of presence
In this study, we focus on the user's perspective and seek to explain how VR features motivate users to engage in the virtual environments. Therefore, we decided to adopt the human motivation framework proposed by Deci and Ryan [18] that explains the mechanisms underlying users' motivations and choices of actions.
Deci and Ryan [18] proposed that human motivations can be driven by two major factorsintrinsic motivation and extrinsic motivation. While intrinsic motivation refers to an individual's desire to obtain a feeling of pleasure, extrinsic motivation refers to the performance of an activity in order to attain a desired outcome. The values of intrinsic and extrinsic motivations have been reported as key determinants of users' behaviors [19] . Overall, these values are derived from the attributes of a system and can be classified as hedonic value (corresponding to intrinsic motivation) or utilitarian value (corresponding to extrinsic motivation). The notion of human motivation provides a reasonable linkage between system attributes, values, and behavior. Therefore, in this study, we propose that attributes of VR (social presence and spatial presence) can influence values of VR (hedonic value and utilitarian value), which further motivate users' choice of behavior (engagement).
Regarding the social dimension of presence, previous studies have suggested that interactions among online customers can evoke positive emotions (e.g., enjoyment) which subsequently improve online shopping experience [20] . This notion is supported by a strong research stream in marketing that has found that social factors in a stimulus can influence customers' positive emotions and responses, especially in online stores [21] . Therefore, we propose that if users experience high social presence in VR applications, they would feel that VR is more pleasurable to use; hence, the level of hedonic value increases.
H2: Users' perception of social presence is positively related to their perception of hedonic value.
In addition, by accelerating users' immersion and interaction, VR can better provide a sense of sociability which often results in engagement. For example, in the 2D web-based VR area, Fortin and Dholakia [22] reported a positive relationship between social presence and engagement. Therefore, we propose the following hypothesis:
H3: Users' perception of social presence is positively related to their engagement with VR.
As demonstrated by previous studies, social presence can influence utilitarian value because it presents other users or sociable objects at a higher level of immersion [23] . Thus, this can help reduced ambiguity and uncertainty in performing tasks, which consequently increases the hedonic value of VR [24, 25] . Therefore, we propose the following: H4: Users' perception of social presence is positively related to their perception of utilitarian value.
Prior research in online commerce suggest that spatial presence can be determined by information about physical stores, products on webpages, and consumers' recall of those physical stores and products [26] . Spatial presence was reported to influence positive effects on users' responses through positive emotions [27, 28] .
In this study, spatial presence is induced by the components in VR which include the 3D objects and the environment that users experience. According to Shin [29] , spatial presence can increase the level of the immersion of users involvement [30] through positive emotions (e.g., enjoyment), which subsequently lead to engagement [31] . Therefore, in line with these studies, we propose that spatial presence in the VR context also positively influences hedonic value and engagement.
H5: Users' perception of spatial presence is positively related to their perception of hedonic value.
H6: Users' perception of spatial presence is positively related to their engagement with VR.
Spatial presence has been consistently reported to positively influence usefulness of computer-mediated technologies. Held and Durlach [32] found that spatial presence can increase performance of the subjects in their experiment. Apparently, VR can provide users with several features that promote utilitarian value dimensions. For example, the richness of product information available in the VR environment can positively influence users' efficiency [33] . Therefore, spatial presence is expected to enhance utilitarian value of the VR application.
H7:
Users' perception of spatial presence is positively related to their perception of utilitarian value.
Drawing from the research area of humancomputer interaction, engagement has emerged as a critical factor created by the interactions between a computer system and its users that influence the users' subsequent responses [34] . According to Csikszentmihalyi [30] , both hedonic and utilitarian motivations are considered as determinants of cognitive engagement. Both motivations are characterized as intrinsic motivations for users to respond to new stimuli and a willingness to try new activities [35] . Therefore, we propose the following hypotheses:
H8: Users' perception of hedonic value is positively related to their engagement with VR.
H9:
Users' perception of utilitarian value is positively related to their engagement with VR.
Methodology
Experimental procedure, task and measures
A between-subject research design experiment was conducted in VR to test the proposed hypotheses. Participants were randomly assigned to one of the two experimental conditions to complete the experimental task of evaluating a new hypothetical product in VR. Specifically, the experimental task was designed to use VR to perform an evaluation of a new productan empty beverage can package (VR object). Participants were asked to perform a utilitarian-based task which included evaluating the product in terms of its innovation, quality, and visual appeal, and then completing a survey to provide their feedbacks about the product. Participants were guided to freely interact with the product such as picking up, holding, rotating, and placing the product on a table.
Regarding the manipulation of social presence, two experimental conditions were created to manipulate the interaction with a robot assistant (VR object). The robot assistant was presented in both experimental conditions. However, in Condition 1 (low social presence), participants were asked to perform the task without activating the robot. In Condition 2, participants were asked to interact with the robot to evoke the sense of social presence. The robot was programmed to provide participants with human-like social interactions such as greeting, waving hands, and expressing certain emotions (e.g., fear, surprised, and happiness). Note that the robot assistant was not directly involved in the main experiment task which was to evaluate the new product.
Prior to performing the experimental task in either low or high social presence conditions, participants had to complete a tutorial pertaining to the use of the VR system (Oculus Rift TM ), which included a head mount display (HMD) and hand controllers. This tutorial was implemented by walking through the instructions in a VR application provided by Oculus TM . Participants were then randomly assigned to one of the two experimental conditions to perform the task. Upon finishing the task, participants completed a questionnaire that measured the following constructs: social presence, spatial presence, hedonic value, utilitarian value, and engagement. All the items in the questionnaire were derived from existing studies. Social presence was measured by three items adapted from Hassanein and Milena [16] ), spatial presence was measured using four items adapted from Ahn et al. [36] , hedonic value was measured using three items adapted from Zhou et al [37] , utilitarian value was measured using three items adapted from Zhou et al. [37] , and engagement was measured by six items adapted from Wiebe et al. [38] . Table 1 presents the questionnaire items. The items were measured by seven-point Likert scales with a score of 1 to 7 (1 corresponding to "totally disagree" and 7 to "totally agree").
Each experimental session lasted approximately 30 minutes.
Table 1. Questionnaire items Social Presence [16]
 There was a sense of human warmth in this VR app.  There was a sense of sociability in this VR app.
Spatial Presence [36]
 While I was evaluating the product in VR, I felt like I was in the real environment.  While I was evaluating the product in VR, I felt like I was surrounded by the real objects.  While I was evaluating the product in VR, the environment in VR seemed like the real world. Hedonic Value [37]  Overall, the use of this VR app gave me pleasure.  I enjoyed being immersed in the environment while using this VR app. Utilitarian Value [39]  I finished the tasks I initially intended to do in this VR app.  I accomplished what I initially wanted to do in this VR app.
Engagement [38]
 While I was using VR to evaluate the product, I
lost track of the world around me.  While I was using VR to evaluate the product, I
blocked out things around me.  While I was using VR to evaluate the product, the time passed slowly. (reversed question)
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Sampling and participant information
A total of 38 usable responses was collected from a sample of undergraduate students (10 females and 28 males) who were enrolled in a midwestern university in the United States. Each experimental condition contained 19 responses. Approximately 60% of the participants were between 21-23 years old. Fifty percent of the participants had previously used VR at least once before the experiment was conducted and about 10% owned a VR headset.
Results
Measurement model
A confirmatory factor analysis (CFA) was performed to assess the validity of the measures. Consequently, construct validity and reliability of the measurement model were assessed using composite reliability (CR) and Cronbach's alpha. The results reveal that CR values ranged from 0.766 to 0.928 and the Cronbach's alpha ranged from 0.626 to 0.883. Both the CR and Cronbach's alpha values are above the acceptable level suggested by Hair et al. [40] . Thus, the constructs demonstrate good construct reliability and convergent validity.
Discriminant validity of the constructs was then evaluated. The results indicate that the square root of the variance shared between a construct and its measurement items ranged from 0.745 to 0.900 and these are greater than the correlations between the construct and other constructs in the model which ranged from 0.061 to 0.513; therefore, the measures satisfy the criteria for discriminant validity [40] .
Manipulation check
A manipulation check was performed to ensure that the experimental conditions (low vs. high social presence) were manipulated effectively and the results suggest that the manipulations on the degrees of social presence were deemed successful.
Social presence: Hypothesis testing
An independent sample t-test was conducted to test hypothesis H1 for the difference in users' perception of social presence in the experimental conditions. The results suggest that users completing the experimental task in the condition with the interaction with the robot assistant (Condition 2) perceived that it has a higher degree of social presence than in the condition without the interaction with the robot assistant (Condition 1) (MeanCond1 = 4.1; SDCond1 = 1.45 vs. MeanCond2 = 6.32; SDCond2 = 0.88; p < 0.001); thus, H1 is statistically supported. The remaining hypotheses (H2 -H9) were tested in a structural model using the partial least square (PLS) technique.
Structural equation model: Hypothesis testing
A structural equal modeling was conducted to test Hypotheses 2 -9 proposed in the research model. As shown in Figure 1 , approximately 18% of the variance was explained by the exogenous variables. In particular, relationships predicted in Hypotheses H5 and H9 are statistically significant at the 0.05 level. Spatial presence positively influences hedonic value and utilitarian value positively affect engagement. However, the results also reveal interesting findings that the relationship between spatial presence and engagement is significant at the level of 0.05 (H6: standardized coefficient = -0.313), but the direction is opposite compared to the results from previous studies that hypothesize a positive effect of spatial presence on engagement. 
Summary of the results
This study examines the factors that influence users' perceptions toward the use of VR in product evaluation. Specifically, we investigate how social presence and spatial presence, the two major features based on presence theory in the VR context, influence users' perceptions and responses, which consists of hedonic value, utilitarian value, and engagement. Our results reveal several interesting findings. First, according to hypothesis H1, the perception of social presence emerged when the robot assistant was presented in the VR environment. Thus, consistent with findings from previous studies in the 2D web-based virtual world environment [41] , this study found that the level of social presence in a highly immersive environment (e.g., VR) is also affected by the presence of computer-generated sociability objects, such as the robot assistant in our study.
Second, as shown in the research model, the results suggest that spatial presence is a more important predictor of hedonic value than social presence (H2 vs. H5). These findings are consistent with previous studies that investigated these relationships in the online commerce context [23] . Therefore, this study confirms the results that VR users enjoy virtual environments that are capable of providing senserelated ambient cues or a perceptual illusion of "being there."
Third, according to the relationship between spatial presence and engagement (H6), the results indicate that higher levels of realism in the virtual environment can reduce user engagement, which contradict those reported in prior studies [31, 42] . A possible explanation is that the relationship between spatial presence and engagement might not be linear, but rather an inverted U-shaped function as often reported when users' emotional responses were investigated [43] .
Finally, considering the effects of hedonic and utilitarian values on engagement (H8 and H9), the findings reveal that utilitarian value is a more effective predictor of engagement. Therefore, these results are in line with previous studies in the area of technology adoption [44] suggesting that utilitarian value (e.g., usefulness) outperformed hedonic value in determining user responses.
Theoretical contributions
A major theoretical contribution of this research is to empirically test the effects of presence on VR users. While such effects were tested in other computermediated technology domains (e.g., 2D web-based VR and online commerce), this study further enhances existing knowledge by extending the applicability of presence theory to the fully immersive 3D VR context. In line with prior studies in other related areas, our results confirm such effects of presence in the VR settings. This effort not only further highlights the value of incorporating features related to presence in VR applications but also contributes to the literature by adapting similar theoretical lenses to examine presence in the distinct VR context. Another theoretical contribution is the testing of the research model explaining users' engagement in the distinctive context of VR. To the best of our knowledge, this study is among the first to theorize about features of presence and user engagement in the business application of VR. Although the relationships in our research model have been examined in the online commerce context before, this is the first empirical study that we are aware of to test these relationships in the highly immersive VR setting. This research offers additional insights into how two major features of VR impact the underlying mechanisms in engaging VR users, particularly, the path from spatial presence to engagement is in the opposite direction as predicted.
Practical contributions
Our findings provide practitioners with a set of interesting insights in how to improve users' engagement in VR applications. Our study advises practitioners to incorporate features related to presence, especially spatial presence, since it can better deliver hedonic value to VR users. For example, by simulating the physical environment and interactions of actual stores more precisely, practitioners can enhance users' emotional states in VR. In addition, the results suggest that an increasing level of spatial presence or reality of the physical world might not necessarily result in engagement. Therefore, practitioners would need to find an optimal level of reality in the virtual environment that generates the highest level of engagement. For example, adding a layer of digital information into a virtual environment may decrease reality but would be more engaging as found in augmented reality literature [39] .
Furthermore, our study suggests that to better engage users, practitioners should focus on delivering utilitarian value to VR users. In fact, in the business context, developers may increase the utilitarian value of VR applications by designing features to enrich product features and information. This is because engagement appears to be more affected by utilitarian value than hedonic value. In fact, business users of VR may interact with the applications with the primary goal of usefulness.
Limitations, future research directions, and conclusion
As with any research, the findings of our study should be interpreted with certain limitations. First, our experiment is based on a small sample size, which Page 1653 may result in the nonsignificant relationships in the research model. Additional measurement is recommended to replicate this study with a larger sample size. Second, our results suggest a negative relationship between spatial presence and engagement. Therefore, it is necessary to investigate this relationship in future research to find evidence for the formation of this relationship. Third, our study aims to explore VR in the business context and may have been affected as such. Therefore, future research is encouraged to investigate presence in a different context. Fourth, while our study uses a robot assistant to manipulate the degrees of social presence, the robot did not directly interact with the subjects when they performed the experiment task. Consequently, a more sophisticated stimulus of social presence is necessary to be developed to better understand how different levels of social presence impact users' perceptions.
While there is little prior knowledge explaining the effects of presence on user responses in the VR context, we explored possible explanations of the underlying mechanisms of how a VR application engages users in the business context. Our study provides empirical evidence that the two dimensions of presence can be effective predictors of engagement and other behavioral responses. These findings serve as a starting point for researchers to gain a broader understanding of the factors influencing user responses in using business VR applications.
